. SURTAVI model was calibrated best in high-risk patients showing coherence between expected and observed mortality (10.8% vs. 9.4%, p = 0.982). ACEF demonstrated best classification accuracy (17.5% vs. 6.9%, p = 0.053, respectively). Conclusions: None of the investigated risk scales proved to be optimal in predicting 30-day mortality in unselected, real-life population with aortic stenosis referred to TAVI. This data supports primary role of heart team in decision process of selecting patients for TAVI. (Cardiol J 2016; 23, 2: 169-177) 
Introduction
Transcatheter aortic valve implantation (TAVI) is a procedure designed for inoperable or high-risk patients with severe aortic stenosis (AS). According to European guidelines, the heart team should make the decision whether a patient is not suitable for conventional surgical replacement (aortic valve replacement) and therefore should undergo TAVI [1] . Two risk scores have been suggested as a possible aid to heart team's decision -logistic European System for Cardiac Operative Risk Evaluation (EuroSCORE) > 20% and The Society of Thoracic Surgeons's (STS) score > 10%. Both risk scores have been developed and validated in surgical settings and are believed to either overestimate or underestimate mortality, respectively [2] [3] [4] . Recently, a number of new risk scores or models have been developed, some of them based on surgical patients (EuroSCORE II, age-creatinine-ejection fraction [ACEF], Ambler's risk score) [5] [6] [7] , other on those undergoing TAVI (OBSERVANT, SURTAVI model) [8, 9] . There is few data comparing performance of multiple risk stratification models in unselected population of TAVI patients. Therefore, the aim of this study was to compare seven available risk models -logistic EuroSCORE, EuroSCORE II, STS, ACEF, Ambler's, OBSERVANT and SURTAVI -in the prediction of 30-day mortality following TAVI.
Methods

Study design and population
From March 2010 to October 2014, 156 consecutive, inoperable or high-risk patients (n = 156, 48% female, mean age of 80.03 ± 8.18 years) with severe symptomatic AS (aortic valve area < 1.0 cm 2 , or indexed valve area less than 0.6 cm 2 /m 2 , or mean gradient > 40 mm Hg, or maximum jet velocity > 4.0 m/s, or velocity ratio < 0.25), after heart team decision treated with TAVI, were prospectively enrolled. Both, balloon-(Edwards Sapien ® ) and self-expandable (CoreValve ® , Medtronic) aortic valve prostheses were used and all standard delivery routes were applied. It was an all-comers study and no exclusion criteria were used. Informed consent was obtained from all participating patients and local Ethics Committee granted permission for the study.
Predicted mortality was calculated according to logistic EuroSCORE [2] , EuroSCORE II [5] , STS [3] , Ambler's [6] , ACEF [7] and OBSERVANT [9] scores. In case of SURTAVI [8] model, patients were categorized straightaway into three groups -low, intermediate and high risk -due to lack of proper formula or calculator enabling continuous risk calculation. In the remaining 6 risk scores -patients were subdivided into tertiles of low, intermediate or high risk, based on their predicted mortality in each scale. Afterwards, for each scale predicted and observed mortality of patients from high-risk group were compared to predicted and observed mortality of non-high-risk group (pooled low-and intermediate-risk groups).
Risk scores characteristics
In the present study, besides established and recognized scales predicting 30-day mortality, used in Europe and North America, namely logistic Euro -SCORE and STS score, newer and less validated models were implemented.
Logistic EuroSCORE [2] takes into consideration the same 17 risk factors as its predecessor -additive EuroSCORE [10] -a risk model that was designed to predict early mortality after major cardiac surgery -with additional logistic regression analysis aiming to provide more accurate risk predictions in high-risk patients. Original model was developed and validated in 1999 on a dataset of more than 13,000 patients.
EuroSCORE II [5] , based upon data from 22,000 patients and characterized by better calibration and similar discrimination power in predicting early mortality after cardiac surgery, replaced original EuroSCORE in 2011. It includes 18 factors.
The 2008 STS' risk model [3] was conceived in order to assess early postoperative course after coronary artery bypass grafting (CABG), valve surgery or both. It is by far the most complex model taking into consideration 39 factors, developed and validated based upon data from almost 975,000 patients and providing estimations on early mortality as well as early complications including stroke, renal failure or prolonged ventilation.
Ambler's score is a risk model created in order to assess early mortality after aortic and/or mitral valve surgery with or without concomitant CABG. It was developed and validated in 2005 [6] based upon a dataset from almost 33,000 patients and consists of 14 factors.
ACEF was also designed as an early postoperative mortality estimation tool. Its authors have made an effort to substantially limit the number of included factors -to only 3 -in order to facilitate its clinical application. Published in 2009 [7] , developed and validated on almost 9,000 patients, it has proven to offer similar accuracy and calibration as established risk models when applied to patients undergoing elective cardiac surgery. SURTAVI model is a 10-factor risk stratification system proposed in 2012 in order to estimate early mortality in patients undergoing TAVI as part of "SURgical replacement and Transcatheter Aortic Valve Implantation" (SURTAVI) trial [8] .
OBSERVANT is also a risk model designed specifically for TAVI procedures. Published in 2014, developed and validated based upon data from 1,900 TAVI patients, it takes into consideration 7 factors. In the original study [9] , it managed to offer better calibration and accuracy than logistic EuroSCORE with equally good discrimination.
Detailed list of elements constituting the global risk in respective scales is presented in Table 1 .
Data collection and endpoints
Based on pre-procedural evaluation charts, predicted mortality was calculated for respective models. Thirty days after the procedure each living patient was readmitted for scheduled echocardiographic assessment. In case of death occurrence between discharge from index hospitalization and 30-day scheduled admission, source documentation was obtained. Primary endpoint of the study was the assessment of discriminating abilities of respective risk models in terms of 30-day mortality. Secondary endpoints were the calibration of the scales in high-risk vs. non high-risk subpopulations and comparison of their classification accuracy.
Statistical analysis
Continuous variables, expressed as means ± standard deviation, were compared using Student's t-test. Categorical variables, expressed as counts and percentages, were compared using c 2 test or Fisher's exact test, as appropriate.
Receiver operating characteristic (ROC) analysis, producing an area under the curve (AUC) (c statistic) with 95% confidence intervals (CI), was used for discrimination of the predictive scores of 30-day mortality. Calibration (ability to match patients' expected vs. observed mortality) was determined by binomial testing of expected vs. observed 30-day mortality. Classification accuracy was assessed by comparison of survival curves of high and non-high risk groups (log-rank test).
All probability values reported are 2-sided and a value < 0.05 was considered to be significant. All data were processed using the MedCalc Software, version 15.2.2 (MedCalc Software, Ostend, Belgium).
Results
Baseline characteristics
Detailed characteristics of the study population are presented in Table 2 . In total, 48.1% of patients were female (n = 75) and 23.7% were over 85 years old (n = 37). The minority of patients had left ventricular ejection fraction (LVEF) < 40% (n = 29, 18.6%) and 91 (58.3%) patients had admission glomerular filtration rate (GFR) lower than 60 mL/min/m 2 . Non-transfemoral access was used in 35 (22.4%) patients and self-expandable valve prosthesis were preferred (n = 98, 62.8%).
Mortality
Thirty-day follow-up was complete and available in all patients (100%). There were 15 (9.6%) patients who died within 30 days after the procedure or later if the patient was not discharged after 30 days. Majority of deaths occurred within first 2 days after the procedure (n = 9, 5.8%) and were cardiac-related (Fig. 1) . Univariate analysis of possible predictive factors of early mortality demonstrated no impact of age, gender, LVEF, type of prosthesis, chosen approach, nor pulmonary hypertension on early mortality (Table 2) . However, mitral regurgitation (MR) ≥ 3 diagnosed at baseline and chronic kidney disease (GFR < 30 mL/min/1.73 m 2 ) occurred significantly more frequently in patients who died (p = 0.036 and p = 0.04, respectively). Severe aortic regurgitation (AR) immediately after TAVI was also found more often in patients who died (20% vs. 4.3%, p = 0.04).
Discriminating abilities of risk models
In ROC analysis, neither of the investigated scales was able to distinguish between patients with or without an endpoint, with c-statistic not exceeding 0. 
Calibration in high risk vs. non-high risk group
The SURTAVI risk model showed best calibration with no significant difference between the number of expected and observed deaths in high-risk patients (10.8% vs. 9.4%, p = 0.982), whereas EuroSCORE I achieved best calibration in the non-high risk cohort (9.6% vs. 8.6%, p = 0.984). Detailed comparison of high-risk patients group vs. non-high risk patients group in each scale is presented in Figure 3 . Data are presented as mean ± standard deviation or number (percentage). A p value of < 0.05 is considered statistically significant; ARaortic regurgitation; CABG -coronary artery by-pass grafting; GFR -glomerular filtration rate; LVEF -left ventricular ejection fraction; MR -mitral regurgitation; NYHA -New York Heart Association; PCI -percutaneous coronary intervention; TAVI -transcatheter aortic valve implantation; TIA -transient ischemic attack Figure 1 . 30-day all-cause mortality across the entire cohort with the majority of events occurring during the first 2 days. 
Classification accuracy of risk models
In terms of classification accuracy -ability to reliably discriminated between high vs. non-high risk patients at a predefined threshold -ACEF model performed best demonstrating biggest difference between observed mortality in high-vs. non-high-risk cohort (17.5% vs. 6.9%, p = 0.053). Detailed analysis of classification accuracy of all risk models is shown in Figure 4 .
Discussion
Transcatheter aortic valve implantation is a rapidly emerging new standard of care among high and extreme risk patients with severe AS. However, optimal risk stratification in the decision-making process of patients' qualification for TAVI procedure continuously poses a challenge [4] . Although widely criticized by both surgeons [11] and cardiologists [12, 13] , conventional surgical risk algorithms are still frequently used. Logistic EuroSCORE remains part of version 2012 of guidelines, even though it has been known to inaccurately estimate mortality (mainly overestimate) since 2008 [14] [15] [16] [17] [18] . In the need for better accuracy, newer scales were recently developed [5] [6] [7] [8] [9] . However, most of the scales were not subsequently validated in different populations, other than originally created on.
To the best of our knowledge, this has been the first paper simultaneously evaluating different (established vs. recently proposed, surgical vs. interventional) risk scores in a most inclusive fashion (7 models) in the Polish population of unselected TAVI patients. We found that none of the investigated scales proved even mediocre discrimination accuracy as c-statistic for any risk model did not exceed 0.6 threshold. Similarly, none of the models was accurately calibrated across the whole risk spectrum meaning that some were calibrated well only in high risk while others only in non-high risk group. Finally, all models failed in being able to accurately classify patients into high or non-high risk categories, however the simplest one (ACEF) was closest to reach statistical significance. Furthermore, univariate analysis of baseline and periprocedural characteristics identified 3 factors that occurred significantly more often in patients with an endpoint: MR grade ≥ 3, GFR < 30 mL/min/1.73 m 2 and AR post-TAVI grade ≥ 3 -findings consistent with previously published observations [19] [20] [21] [22] [23] .
Until now, few data exist on the head-to-head performance of different risk models in TAVI patients. Most of available papers compare predictive ability of logistic EuroSCORE and STS with recently developed EuroSCORE II, usually showing better efficacy of more refined EuroSCORE II [13, 24, 25] . Only few studies take into cosideration other scores. In 2013, D'Ascenzo et al. [26] reported poor discriminating ability of ACEF, based upon data from > 950 TAVI patients. In another paper, the SURTAVI model was deemed to be as inefficient in terms of classification accuracy as es-tablished surgical risk models [27] . More recently, low discriminating ability of Ambler's score was documented [28] . Due to overall poor efficacy in the prediction of mortality, newer, specifically designed for TAVI scales were and still are in demand. In the present study, for the first time the authors compared conventional and unconventional surgical models with recently proposed TAVI-tailored scales. Only very modest if not poor differentiating ability of any of the studied models, irrespective if specifically designed for TAVI or surgical, was observed. In our opinion, this may be explained by lack of potentially important clinical (e.g. anemia, hypoalbuminemia, liver dysfunction) and anatomical factors (e.g. porcelain aorta, calcium distribution on the native valve, delivery route morphology). It can be speculated that abovementioned clinical factors reflect poor general health status, which can affect early rehabilitation process. On the other hand, unfavorable anatomical conditions may represent unsurpassable barrier to successful prosthesis implantation even for an experienced operator with available device technology.
When considering a preferable feature of a given risk model, out of 3 main characteristics, namely: discriminating ability, calibration and classification accuracy, we stand on the position that the last one is the most clinically useful, as in the referral for TAVI we have to reliably categorize patients into high or non-high risk groups. In this light, if we were to recommend one of the studied models, we would lean toward ACEF not only because of acceptable classification accuracy, but also due to its simplicity.
Limitations of the study
The main limitation of the present study is a small sample size and, therefore low number of events. This rendered Cox multivariate regression analysis impossible (according to the rule of thumb, that at least 10 outcomes are required for each independent variable in a multivariate model) as well as precluded more detailed subgroup examination and forced dichotomous cohort division (highvs. non-high-risk). Nevertheless, this analysis is based on one of the biggest TAVI populations in Poland. Additionally, information concerning frailty, necessary for SURTAVI categorization, was not available in some patients.
Conclusions
In conclusion, results of our study demonstrate that none of the risk models is optimal in predicting 30-day mortality in unselected, real-life population with AS referred to TAVI. None of the investigated scales proved to be significantly accurate in terms of discrimination, calibration and classification. These data support primary role of the heart team in decision process of selecting patients for TAVI.
